The pharmacology and toxicology of
"ecstasy" (MDMA) and related drugs
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Abtract

"EcsTAsY" (MDMA) AND RELATED DRUGS ARE AMPHETAMINE DERIVATIVES that also have
some of the pharmacological properties of mescaline. They have become popular
with participants in "raves," because they enhance energy, endurance, sociability
and sexual arousal. This vogue among teenagers and young adults, together with
the widespread belief that "ecstasy" is a safe drug, has led to a thriving illicit traffic
in it. But these drugs also have serious toxic effects, both acute and chronic, that re-
semble those previously seen with other amphetamines and are caused by an ex-
cess of the same sympathomimetic actions for which the drugs are valued by the
users. Neurotoxicity to the serotonergic system in the brain can also cause perma-
nent physical and psychiatric problems. A detailed review of the literature has
revealed over 87 "ecstasy'-related fatalities, caused by hyperpyrexia, rhab-
domyolysis, intravascular coagulopathy, hepatic necrosis, cardiac arrhythmias,
cerebrovascular accidents, and drug-related accidents or suicide. The toxic or even
fatal dose range overlaps the range of recreational dosage. The available evidence
does not yet permit an accurate assessment of the size of the problem presented by
the use of these drugs.

as N-methyl-3,4-methylenedioxy-amphetamine or 3,4-methylenedioxy-

methamphetamine. The initial letters of the major portions of the latter
name (Methylenedioxy-Methamphetamine) give rise to the acronym MDMA, by
which this substance is commonly designated in the clinical and research literature.
As the name implies, MDMA is a derivative of methamphetamine (known by such
street names as “speed,” “crystal” and “meth” among others) and its parent com-
pound amphetamine. A closely related compound, N-ethyl-3,4-methylene-
dioxyamphetamine or MDEA, differs from MDMA only in having a 2-carbon ethyl
group, rather than a 1-carbon methyl group, attached to the nitrogen atom of the
amphetamine structure.

The name “ecstasy” is in fact used somewhat unselectively. In earlier years, the
name was applied to 3,4-methylenedioxyamphetamine (MDA). MDEA is also
sometimes called ecstasy by its vendors and users, but is more often referred to as
Eve. The 3 compounds are closely similar in their chemistry and in their biological
effects, so that the description of MDMA in the rest of this review also applies in
the main to MDEA, and to a considerable extent to MDA.

Ecstasy differs from amphetamine and methamphetamine in one important re-
spect. As shown in Fig. 1, it has a methylenedioxy (-O-CH,-O-) group attached to
positions 3 and 4 of the aromatic ring of the amphetamine molecule (i.e., it is “ring-
substituted”). In this respect, it resembles the structure of the hallucinogenic mater-
ial mescaline. As a result, the pharmacological effects of MDMA (and MDEA) are a
blend of those of the amphetamines and mescaline, as will be described in later sec-
tions of this review. This group of substances is frequently referred to as “designer
drugs,” because, when illicit laboratories began to produce them for nonmedical
use, the blend of amphetamine-like and mescaline-like effects was intentionally
sought and could be achieved reliably by the appropriate design of the drug mole-
cule.! All of these substances resemble the natural neurotransmitters epinephrine

I : cstasy is the popular or “street” name for a substance identified chemically
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(adrenaline) and dopamine (Fig. 1), and most of their bio-
logical actions and effects resemble those of epinephrine,
dopamine and serotonin.

Like amphetamine, MDA and MDMA are completely
synthetic substances that do not exist in nature. All 3 were
first synthesized many decades ago: amphetamine in 1885,
MDA in 1910 and MDMA in 1912. MDA was patented as
a cough suppressant in 1956, as a tranquillizer in 1960 and
as an appetite inhibitor in 1961, but was not marketed for
any of these uses.' The intention was apparently to market
MDMA as an appetite inhibitor, but it was also never mar-
keted and is now used only nonmedically. Amphetamine
was in fact marketed for weight-reduction purposes among
others, in the 1930s, though its sale was later sharply re-
stricted because of its widespread abuse and the risk of de-
pendence and other adverse effects.? In 1985, the methyl-
enedioxy and methoxy derivatives of the amphetamines
were placed in Schedule 1 of the restricted drugs list in the
United States,' and they are classified similarly in Canada
(Schedule IIT of the Controlled Drugs and Substances Act)
and the United Kingdom (Class A under the Misuse of
Drugs Act).

Routes of administration and dosage

Like the amphetamines, MDMA and its related com-
pounds are amines that can exist either as free bases or as
salts of various acids. The free bases are volatile and, in-
deed, amphetamine itself was first marketed in this form in
an inhaler, for use as a nasal decongestant. Theoretically,
MDMA and MDEA could also be used in this fashion, but
the methylenedioxy group raises the boiling point of the
free base so high that it is impossible to use it by sniffing
the vapour.® The salts, on the other hand, are not volatile
but are quite soluble in water* and can, therefore, be ad-
ministered intravenously, orally or by “snorting” the pow-
der.** MDMA is almost always taken by mouth and is pre-
pared as single-dose tablets for this purpose.

As sold illicitly in Europe and North America, MDMA
is typically prepared in very professional-looking tablets
stamped with a wide variety of symbols according to the
whim or imagination of the maker (see illustration in The-
une and colleagues’). However, the actual composition of
the tablets varies greatly, with respect to both the drug(s)
contained in them and the amounts. Several different labo-
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Fig. 1: Chemical structures of MDMA, MDEA and related drugs compared with those of the monoamine neurotransmitters.
Arrows do not represent pathways of synthesis or metabolism; they merely indicate the closest resemblances of structure.
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ratories have analyzed street samples sold in their localities,
and have found that the drug sold as “ecstasy” may be
MDMA, MDEA, MDA, PMA (para-methoxyampheta-
mine), MBDB (3,4-methylenedioxy-phenyl-N-methylbu-
tanamine), ephedrine or varying mixtures of these,*"
though the great majority consist of a single active drug."
The typical dosage range of MDMA for recreational use
varies from 50 mg to 150 mg,”" but the amount per tablet
in different batches of tablets may vary 70-fold or more,
from almost zero to well over 100 mg.”"

The total amount consumed per occasion varies greatly
among users. In Europe, North America and Australia,
MDMA has been used primarily as a party drug rather than
by solitary users."* Its current popularity arises from its use
at “raves,” the all-night dance parties at which it is taken to
postpone fatigue and allow the user to dance energetically
for hours on end. For this purpose, the most common
dosage has been 1-2 tablets during the course of the
party,”'¢ but occasional case reports have indicated doses as
high as 10 tablets in combination with other drugs,"" usu-
ally with toxic outcomes. In 2 fatal cases, the actual amount
taken is uncertain because the victims ingested the drug un-
knowingly, their drinks having been “spiked” with it by
friends playing a joke on them.”

Pharmacology of MDMA and related drugs

In order to understand the highly varied effects of
these drugs, both desired and undesired, on the user, it is
helpful to review briefly the basic pharmacology of the
ring-substituted amphetamines, including their pharma-
cokinetics and their mechanism of action in the brain and
other organs.

Pharmacokinetics

MDMA is readily absorbed from the intestinal tract
and reaches its peak concentration in the plasma about
2 hours after oral administration.”””* Doses of 50 mg,
75 mg and 125 mg to healthy human volunteers produced
peak blood concentrations of 106 ng/mL, 131 ng/mL and
236 ng/mL respectively. These concentrations are quite
low, because the drug passes readily into the tissues, and
much of it is bound to tissue constituents. It is helpful to
remember these peak concentrations for comparison with
the levels found in patients who have suffered the serious
and sometimes fatal adverse effects described later in this
review.

The drug is broken down metabolically, mainly in the
liver, where an enzyme designated CYP2DG6 is chiefly re-
sponsible.” However, several different enzymes are in-
volved in its degradation,™ and some of these appear to be
saturated at relatively low concentrations of the drug. Con-
sequently, as the dose is increased and the higher-affinity
enzymes are saturated, disproportionately large increases in
blood and brain concentrations of the drug occur.” There-
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fore, small increases in dosage may carry the risk of large
increases in toxicity.

Elimination of the drug from the body is moderately
slow, the half-life for MDMA disappearance from the
blood being of the order of 8 hours.**"” Because it takes
about 5 half-lives (i.e., about 40 hours for MDMA) for over
95% of the drug to be cleared from the body, this may ex-
plain the persistence of troublesome after-effects for one or
2 days after use. Some of the metabolites of MDMA are
still pharmacologically active, especially its first metabolite,
MDA, so that the duration of action may be somewhat
longer than the duration of MDMA itself in the body.

Pharmacodynamics

There is now an abundance of evidence, both experimen-
tal and clinical, that MDMA and the other ring-substituted
amphetamine derivatives act by increasing the net release of
the monoamine neurotransmitters (serotonin, noradrenaline
and, to a smaller extent, dopamine) from their respective
axon terminals.**”” MDMA does not act by directly releasing
serotonin but, rather, by binding to, and thus blocking, the
transporter involved in its reuptake.**** Rats, trained to dis-
criminate between the effects of saline and those of serotonin
in an operant task, respond to MDMA as if it were sero-
tonin.” A similar, but weaker, action is also exerted on the
reuptake of dopamine.” The physiological effects of MDMA
and MDA in mice are the same as those of amphetamine,”
which is known to act as a releaser of dopamine and nor-
adrenaline. There is a small amount of experimental evi-
dence that the net release of acetylcholine may also be in-
creased by MDMA,* but the importance of this effect in
humans is unknown. It is clear, however, that the increase in
the net release of serotonin (and possibly dopamine) is the
major mechanism of action underlying the distinctive mental
effects of MDMA, whereas the increased release of nor-
adrenaline is mainly responsible for the physical effects that
it shares with amphetamine.

MDMA and its related compounds are generally pro-
duced as racemic mixtures, but the stereoisomers differ
from each other in several important respects. For example,
S(+)-MDMA is more potent than R(-)-MDMA in produc-
ing the distinctive subjective effects that are characteristic
of ecstasy.”** Some (but not all) studies suggest that the
R(-) isomer has stronger mescaline-like or lysergic acid di-
ethylamide (LSD)-like distinctive properties, whereas the
S(+) isomer is more amphetamine-like.** The S(+) and R(-)
isomers of both MDA and MDMA differ in their dose—
response curves for changes in serotonergic function and
neurotoxicity.”” The MDMA isomers also differ in the rate
at which they are converted to their corresponding MDA
metabolites.™ It is, therefore, possible that some of the
striking interindividual differences in the intensity, time
course and toxicity of the effects of ecstasy may be related
to individual differences in the metabolic handling of the
isomers.
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Effects on the user

The reported effects of MDMA vary according to the
dose and the frequency and duration of use. In general, the
effects desired by most users are those produced by low
doses on single occasions. It is, therefore, convenient to de-
scribe the effects separately for acute (single-occasion) and
chronic (long-term) use and, within each category, to de-
scribe separately the mental and the physical effects. A
third category of effect, consisting of the serious or fatal
toxicity seen at higher doses or in abnormally sensitive in-
dividuals, will be described separately.

Acute effects
Desired effects

The desired effects for which MDMA is used are closely
similar to those that account for the continuing popularity
of the other amphetamines. Physically, it produces a
marked increase in wakefulness, endurance and sense of en-
ergy, sexual arousal, and postponement of fatigue and
sleepiness.”*** The accompanying psychological effects are
described as a sense of euphoria, well-being, sharpened
sensory perception, greater sociability, extraversion,
heightened sense of closeness to other people, and greater
tolerance of their views and feelings.”**

The latter effects have given rise to the claim that
MDMA represents a distinct class of drugs designated “em-
pathogens” or “entactogens™*#* that may be of potential
value as an aid in psychotherapy."*** Similar claims were
made earlier for MDA, LSD and other hallucinogens but,
despite claims of success in noncontrolled trials with
MDA, no lasting benefit was found in a 10-year follow-up
study of patients treated with LSD.* No comparable study
has been conducted on patients treated with MDMA, and
the recent clinical literature contains almost no reference to
its use in psychotherapy. However, it is not possible to say
whether this is because of disappointment with the results,
or because of difficulty obtaining the drug since its change
in legal status.

Undesired effects

Like the amphetamines, MDMA also has adverse effects
on many physical functions, even when taken in moderate
doses for the recreational purposes described earlier.” Be-
cause the basic action of the amphetamines involves in-
creased arousal and alertness, it is usually accompanied by
an increase in tension, which is manifested as muscular ten-
sion, jaw clenching, tooth grinding (bruxism) and constant
restless movement of the legs.****** The increased muscle
activity, together with a direct action of the drug on the
thermoregulatory system in the brain,” leads to an increase
in body temperature. Stiffness and pain in the lower-back
and limb muscles are very common complaints during the
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first 2-3 days after the use of MDMA. Headache, nausea,
loss of appetite, blurred vision, dry mouth and insomnia are
other commonly reported physical symptoms during the
drug experience and immediately afterwards. Heart rate
and blood pressure, which are usually elevated during the
drug experience, tend to fluctuate more widely than normal
during the following days.

Undesired psychological acute effects commonly re-
ported during the drug experience similarly represent an
exaggeration of the effects for which the drug is taken. The
increased arousal, if carried to excess, is converted into hy-
peractivity, flight of ideas (with a resulting inability to focus
one’s thoughts in a sustained and useful manner) and in-
somnia. Related complaints often include mild hallucina-
tions, depersonalization (a feeling of separation of the self
from the body), anxiety, agitation, and bizarre or reckless
behaviour.' 544450 Qccasionally these symptoms lead
to panic attacks,”* delirium®* or even brief psychotic
episodes™**" that usually (but not always) resolve rapidly
when the drug action wears off. The day or 2 after drug
use, the most common mental or mood complaints are dif-
ficulty concentrating, depression, anxiety and fatigue.”*
These symptoms strongly resemble, in miniature, the
“crash” that is typically seen as a withdrawal reaction after
the prolonged euphoria or manic state produced by heavy
use of amphetamine, cocaine or other central nervous sys-
tem stimulants.>** Despite these complaints, the majority of
users find the overall balance of the experience positive
rather than negative but, with frequent repetition of the ex-
perience, the negative effects tend to become more promi-
nent and the beneficial or pleasurable ones less so."*

Long-term or residual effects
Serotonin neurotoxicity

Apart from the small number of people who have re-
ported improvement or resolution of emotional or person-
ality problems after the use of MDMA in psychotherapy,
the long-term effects are virtually all adverse ones. They
are all thought to arise from a neurotoxic action of the
methylenedioxy derivatives of the amphetamines.

The ability of MDMA to increase the concentration of
serotonin in the synapse probably underlies its production
of improved mood and of sensory alterations. However, at
higher doses the massive release of serotonin not only gives
rise to acute psychotic symptoms (as described earlier) but
also causes chemical damage to the cells that released it.

This damage has been clearly demonstrated in animal
experiments with MDMA and related drugs.”* Chemical
and microscopic studies have shown reduced serotonin
content of the brain, decreased numbers of identifiable
serotonin-containing neurons and serotonin transporter
molecules, and numerous degenerating serotonergic axons
and axon terminals in the brains of animals treated with
MDMA. Although there are conflicting theories concern-



ing the mechanism of this neurotoxicity,*’* it is clearly re-

lated to the excessive metabolic activity and neurotransmit-

ter release in the serotonergic and, possibly, the dopamin-
ergic neurons.

In humans, there has been only one postmortem study
of changes in the levels of serotonin and its main metabo-
lite in the brain of a single long-term MDMA user.”* The
levels were reduced by 50%-80% in different regions of
the brain, in comparison with those in the brains of con-
trols who had not used MDMA, whereas the dopamine lev-
els were unaltered. However, several types of experimental
study in living humans have provided indirect evidence of
serotonin neurotoxicity.*

* The levels of serotonin metabolites in the cerebrospinal
fluid reflect the amount of release during neuronal ac-
tivity in the brain.

* MRI or proton magnetic resonance Spectroscopy can
provide estimates of the numbers of intact neurons in
different parts of the brain.

e Labelled compounds with high affinity and selectivity
for serotonergic neurons, for the reuptake transporter
or for the postsynaptic serotonin receptors are adminis-
tered to the subjects. Techniques such as positron emis-
sion tomography (PET) or single photon emission
computed tomography (SPECT) are then used to de-
tect the locations and amounts of the labelled com-
pounds in the brain.

* Drugs that are known to stimulate serotonergic path-
ways in the brain are administered, and the endocrine
responses to the released serotonin (changes in blood
levels of prolactin and cortisol) are measured.

Such studies permit either estimates or measurements of
the numbers of functionally intact serotonin-releasing cells
or serotonin-responsive cells in the living subject.

By these means, it has been demonstrated that the brains
of long-term MDMA users, when examined while free of
the drug, have abnormally low levels of serotonin and its
metabolites in the cerebrospinal fluid,” reduced numbers of
serotonin transporter molecules,” increased numbers of
glial cells,” and altered patterns of glucose metabolism and
blood flow in certain parts of the brain.”"” During the acute
action of MDMA, SPECT studies show a downregulation
of serotonin receptors (an adaptive response to the increased
release of serotonin) in the cerebral cortex,” but in long-
term users in the drug-free state there is upregulation of re-
ceptors (an adaptive response to the decrease in serotonin
release).” Electroencephalographic studies indicate a de-
crease of bilateral symmetry of the wave patterns and fre-
quencies in MDMA wusers, similar to the changes seen in ag-
ing and dementia,” and a change in response to auditory
stimuli that was seen only in MDMA users and not in
matched groups of cannabis users and nonusers of any
drugs.” The prolactin and cortisol responses to stimulation
of the serotonin system were reduced in the MDMA users,

the changes persisting for up to a year or more after the last
use of MDMA.”"

Pharmacology and toxicology of “ecstasy”

A major limitation of these studies is that, even if they
demonstrate decreased numbers of serotonin cells and re-
duced serotonin system function in the brains of MDMA
users, they cannot prove that the MDMA use caused the
changes. The alterations in serotonin function might have
been present before the drug use began, they might even
have contributed to the start of drug use or they might be
purely coincidental.* However, several studies have shown
that the degree of change in serotonin function is propor-
tional to the duration and intensity of the preceding use of
MDMA, and this is more compatible with the MDMA use
being the cause rather than the consequence of impaired
serotonin function.

Long-term psychiatric problems

It has been suggested that the demonstrated neurotoxic
effects of MDMA on the serotonin system may be the pos-
sible cause of a variety of mental and behavioural problems
that outlast the actual drug experience by months or years.
These problems are quite varied in nature, but they all in-
volve functions in which serotonin is known to play an im-
portant role. Among such persisting problems described in
the literature are the following:

* impairment of memory, both verbal and visual, with the
degree of impairment being roughly proportional to
the intensity of the preceding MDMA use® and not
seen in matched groups of polydrug users who had not
taken MDMA."***% The memory deficit was correlated
with changes in SPECT measurement of serotonin
function.™ In one striking case, long-lasting memory
deficits, associated with bilateral brain changes in the
MRI image, followed a single exposure to MDMA;*

* impairment of decision-making (“executive function”),
information processing, logical reasoning and simple
problem Solving;16,49,53,83,85787

e greater impulsivity and lack of self-control; "

* panic attacks occurring repeatedly when the person is
not under the influence of the drug, even after many
months of abstinence;***

* recurrent paranoia, hallucinations, depersonalization,
flashbacks and even psychotic episodes, occurring
some time after the individual has stopped using
MDMA;B‘),SI,S‘)—’”

* severe depression, which is sometimes resistant to any
treatment other than selective serotonin reuptake in-
hibitors®#153:54919.% and occasionally accompanied by
suicidal thoughts.

The same problems of interpretation arise in these cases
as mentioned earlier in relation to studies of serotonin neu-
rotoxicity in humans, namely, the difficulty of deciding
whether the alterations found in patients with chronic use
of MDMA were the cause of the drug use, the result of it or
coincidental.” However, the affected functions are known
to depend on a serotonin mechanism; the degree of at least
some of the functional disturbances is proportional to the
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degree of loss of serotonin cells; and it would be extremely
difficult to propose any rational explanation for how so di-
verse a set of functional disturbances could all cause the
same desire to use MDMA. Therefore, logic supports the
view that these disturbances are indeed residual consequences

of the drug use.
Residual physical problems

As is the case for psychiatric problems, there are a num-
ber of physical problems that either appear after drug use is
over, or that begin during the period of drug use but persist
long afterwards. Among these are the following:

tooth grinding; the jaw clenching and tooth grinding

(bruxism) that were descrlbed earlier as acute effects of

MDMA often persist during periods of nonuse*#*" and

result in significant wearing down of the back teeth.””

* muscle aches and pains; the same tendency to increased
muscle tension and spasm that is responsible for the jaw
clenching is also seen in other muscles, especially in the
lower back and neck.”**

* circulatory system; the acute effects of MDMA on the
circulatory system, as noted earlier, include elevation of
the blood pressure, but longer-term residual effects
tend to result in low blood pressure and poorer control
of heart rate and blood pressure by the autonomic ner-
vous system.”*'” Changes in the regional pattern of
blood flow in the brain have been reported in regular
users.”

e neurological lesions; the neurotoxicity described earlier
has been held responsible for 2 unusual long-term
problems in the nervous system. One case of parkinson-
ism'"" and one of bilateral abducens paralysis'” have
been attributed to damage to dopaminergic neurons.

Major physical toxicity

This section deals with very serious and potentially life-
threatening physical problems that are clearly and directly
attributable to the known pharmacological actions of the
drug itself. There are 4 principal types of such serious toxi-
city: hepatic, cardiovascular, cerebral and hyperpyrexic.
Each is described separately below, but these patterns of
toxicity are not mutually exclusive, and in severe cases pa-
tients may have features of 2 or more types concurrently.

Hepatic toxicity

A high proportion of the case reports of serious MDMA
toxicity include the observation that the patients were jaun-
diced. Various explanations have been offered for this ef-
fect, including the possibility of an allergic drug reaction, a
toxic contaminant in the individual batch of drug, or a sec-
ondary effect of hyperpyrexia,"™'** which will be described
later. However, the most probable explanation relates to
the pathways of metabolism of the drug. As noted earlier,
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MDMA and related drugs are largely metabolized in the
liver by the cytochrome P450 variety designated
CYP2D6.” The immediate product of this reaction is then
processed further by other enzymes into a variety of sec-
ondary products, some of which are highly reactive with
glutathione. A marked decrease in the level of free glu-
tathione permits a series of biochemical changes (massive
influx of calcium, oxidative change in the cell-membrane
lipids, and so on) that result in cell death.***

The clinical picture in such cases is varied. On the
whole, it is relatively mild, resembling a viral hepatitis, with
jaundice, an enlarged tender liver, an increased bleeding
tendency, raised liver enzyme levels in the blood and a
biopsy picture of acute hepatitis that is not in any sense di-
agnostic of MDMA toxicity. Spontaneous recovery usually
occurs over a period of a few weeks to many months, but in
chronic users of MDMA there may be repeated attacks of
hepatitis.'*111 Several authors have suggested that in
any case of repeated acute hepatitis in a young person, the
use of MDMA should be suspected as a possible cause. An-
dreu and colleagues' found that in their hospital “ecstasy”
was the second most common cause of liver injury in pa-
tients under the age of 25 years.

The picture can be much more severe, however, pro-
gressing rapidly to a fulminating liver failure that proves fa-
tal unless the patient is fortunate enough to receive a liver
transplant.'”"*!"* At intermediate grades of severity, there
may be a prolonged course with slow recovery of liver
function' but possible permanent fibrosis of the liver."* In
one series of 7 cases,"* one patient died, one recovered after
a liver transplant and 5 recovered spontaneously. The
largest series of ecstasy-related transplants reviewed so far
is described by Brauer and colleagues,'® who found 9 cases
in the literature plus one of their own; of these, 4 died after
the transplant while 6 survived, having either fully or par-
tially recovered. A newer and perhaps less drastic procedure
is auxiliary liver transplantation, in which the recipient’s
own liver is left in place but a donor liver is inserted as well,
in order to carry out the necessary liver functions while the
recipient’s own liver gradually recovers, at which time the
auxiliary liver is removed.'”""® At least 3 patients with
“ecstasy”-induced acute liver failure have been treated in
this way.

Cardiovascular toxicity

As noted earlier, MDMA and related drugs increase the
net release not only of serotonin, but also of noradrenaline
and dopamine. It is especially the noradrenaline that is re-
sponsible for most of the serious adverse effects on the car-
diovascular system. These effects consist of 2 basic types:
hypertension, with a consequent risk of ruptured blood ves-
sels and internal hemorrhage, and tachycardia, with a con-
sequently increased cardiac workload, and a resulting risk
of heart failure. Both types have been described in the clini-
cal literature about “ecstasy.”



* Major intracranial hemorrhages have been re-
ported.""2! These probably result from rupture of
vessels that are already weakened by congenital anom-
aly or pre-existing disease, when the added burden of
drug-induced hypertension is imposed upon them.

e Petechial hemorrhages have been observed in the brain’
and in various other organs as incidental observations at
autopsy in many of the fatal cases to be described in the
next section of this review. This type of hemorrhage af-
fects the small vessels that are intrinsically weaker than
the larger ones and does not require pre-existing dam-
age to the vessel walls.

* Retinal hemorrhage has been observed' at autopsy.

*  Damage to blood vessel walls, and resulting intravascu-
lar thrombosis, may possibly be linked to reported cases
of cerebral infarct.'”'*

* Serious disturbances of cardiac rhythm were observed
in a number of cases.”"*!¢

Many of the fatal cases described later in this review had
pulmonary edema, which is a sign of heart failure.

Cerebral toxicity

One of the consequences of the use of “ecstasy” at raves
is profuse sweating as a result of both the vigorous physical
activity and the pharmacological action of the drug on the
thermoregulatory mechanism. Large amounts of sodium
can be lost in sweat, and if the dancers drink large amounts
of water in order to avoid overheating, the result is fre-
quently hemodilution and resulting hyponatremia. An ad-
ditional mechanism that can contribute to the same result is
inappropriate secretion of the pituitary antidiuretic hor-
mone, leading to retention of water by the kidneys,'”'** but
in most cases it is probably caused by excessive water intake
following profuse sweating. This leads to passage of water
from the blood into the tissues, including the brain.'**
This has 2 serious consequences: initiation of epilepsy-like
seizures and compression of the brain stem and cerebellum
downward toward the foramen magnum, which can lead to
fatal disruption of respiration or circulation. Many such
cases have been reported.””***'"* Theune and colleagues’
state that seizures are among the most frequently encoun-
tered neurological problems arising from the use of “ec-
stasy.” There has even been one report of a 13-month-old
child who suffered severe seizures, hypertension and fever,
after ingesting a capsule of MDMA that he had found on
the floor in his home."”’

Hyperpyrexic pattern of toxicity

"This pattern, which is perhaps the most dangerous form
of toxicity induced by “ecstasy,” has become increasingly
frequent since the adoption of MDMA by participants in
raves. As noted earlier, the combination of the drug action,
intense physical activity and a hot environment contribute
to this increase. Even an increase of a few degrees in envi-
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ronmental temperature causes marked increases in body
temperature and serotonin toxicity in the brains of rats
treated with MDMA, but not in those treated with a physi-
ological salt solution.”*® In most human cases, this does not
have serious consequences, but in a significant proportion
it does lead to life-threatening or fatal effects on various tis-
sues and organs of the body."’

The pattern of these changes closely resembles that seen
in severe heatstroke."*'* It is not specific to MDMA having
been clearly described in cases of toxicity caused by am-
phetamine,"* methamphetamine and phenmetrazine,"' and
MDEA."™ In the most severe cases, the marked elevation of
body temperature initiates a series of interrelated effects
that can differ in their relative prominence in different
Cases.l43,l44
e Rhabdomyolysis: the intense muscular activity that con-

tributes to the production of heat also causes severe
damage to the muscle tissue itself, including marked
swelling and edema, loss of microscopic structural fea-
tures of normal muscle, inflammatory cell infiltration,
breakdown of the muscle cell membranes and leakage
of the intracellular contents into the bloodstream, and
finally necrosis."® Even when recovery occurs, the nec-
essary surgical removal of large amounts of necrotic
muscle tissue may leave the patient with some residual
disability when walking or moving in other ways."*'¥

* Myoglobinuria and renal failure: one of the normal
muscle constituents that leaks into the circulation as a
result of rhabdomyolysis is myoglobin. This protein is
taken up by the kidney and excreted in the urine, but it
is also toxic to the kidney itself. Renal failure is, there-
fore, an end result of the muscle damage and may be se-
vere enough to require hemodialysis to prevent death
from uremia.'*

* Liver damage: the high fever, or the metabolic distur-
bances resulting from it, can give rise to varying degrees
of liver damage, which is usually a secondary feature but
can aggravate the primary hepatic toxicity of the drug
when the 2 conditions occur in the same patient.”

* Disseminated intravascular coagulopathy: for reasons
that are not yet entirely understood, the high fever can
trigger widespread clotting of blood within the blood
vessels, causing obstruction of many small blood vessels
throughout the body, with resulting microinfarcts. Be-
cause fibrinogen, platelets and other clotting factors are
used up in the process, the remaining blood loses the
ability to clot normally, so that hemorrhages can then
Occur'l49,150

The treatment of the hyperpyrexic pattern of toxicity
has been mainly symptomatic, an essential part being
early recognition of the problem and rapid cooling of the
body by ice-water sponging, intravenous infusion of
chilled saline solution, gastric and bladder lavage with
cooled fluids, and general supportive care.”! However, it
has been proposed that dantrolene, which is a drug used
to stop the intense muscle contractures in malignant hy-
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perthermia, should also be useful in the hyperthermic
type of MDMA toxicity."*" Numerous cases have now
been treated in this way, some with rapid and dramatic re-
sults,#1#15515 even when the clinical picture suggested the
likelihood of a fatal outcome."”*"*¢ Early reviewers ques-
tioned the value of dantrolene,”’” but the accumulated ex-
perience since then suggests that its use may be a life-
saving measure.

Miscellaneous toxicity

There have been occasional reports of types of toxicity
other than those described earlier that have been attributed
to the use of “ecstasy.” For example, administration of sin-
gle small doses of MDMA, alone or in combination with
alcohol, was reported to produce a transitory impairment
of immune functions of lymphocytes examined in vitro."*®
There is too little evidence to permit any conclusion about
the possible significance of such effects in the living subject.

Fatalities due to ecstasy

All of the severe forms of toxicity described earlier have
been capable of causing death. In addition, there have been
deaths due to “ecstasy”-induced depression that was severe
enough to cause suicide,' or to pre-existing depression in
which the drug was used as the means of suicide."” There
have also been several deaths due to accidents resulting
from bizarre risk-taking behaviour while under the acute
influence of the drug,'*"'* or to motor vehicle accidents in-
volving either drivers or pedestrians impaired by
MDMA."*16216 The varied causes of death associated with
“ecstasy” bear considerable resemblance to those seen with
amphetamine' and with PMA;'“' the greater role of vio-
lence in amphetamine-related deaths may reflect a differ-
ence in the composition of the respective user populations.

As noted earlier in this review, the usual “recreational”
dose of MDMA or MDEA produces blood levels in the
range of 100-250 ng/mL, or 100-250 pg (0.1-0.25 mg) per
litre. Most of the cases of serious toxicity or fatality have in-
volved blood levels ranging from 0.5 mg/L to 10 mg/L,
that is, up to 40 times higher than the usual recreational
range. However, some have had levels as low as 0.11-
0.55 mg/L, that is, overlapping the “normal” range and a
little above it. This is an important point, because it
demonstrates the degree to which the seriousness of the ef-
fects can be dependent on environmental factors other than
the drug concentration.

All the fatal cases that have been located through a litera-
ture search are summarized in Appendix 1, which includes ad-
ditional reference material'™'® (available on the CMA7 Web
site at www.cma.ca/cmaj/vol-165/issue-7/ecstasyappendix
.pdf). Most of these cases are associated with the use of
MDMA, but a number are primarily associated with am-
phetamine, MDA, MDEA, MBDB and other amphetamine
derivatives. They are included here to emphasize that the
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fatalities depend on mechanisms that are common to all the
amphetamines and not specific to “ecstasy.” After eliminat-
ing, where possible, cases that are duplicates of the same
cases already reported by other authors and cases involving
only amphetamine or methamphetamine rather than the
ring-substituted derivatives, the search indicates a total of
87 reported deaths involving “ecstasy” or related drugs, in
which the primary cause of death appears to be as follows:
cardiovascular, including cerebrovascular 8

hepatic 4

cerebral, including hyponatremia 9

hyperpyrexic 30

misadventure (suicide, accident) 14

unknown — insufficient information 22

It must be emphasized that what is described in the lit-
erature cannot be regarded as complete, because not every
physician who sees such cases will publish case reports
about them. For example, Lora-Tamayo and colleagues'®
present partial data on 16 fatalities involving MDMA,
MDEA or MDA seen in a 2-year period in the Madrid
laboratory of the Spanish National Institute of Toxicol-
ogy, but none of these were reported in the international
medical literature. White and colleagues®! state that there
have been 12 deaths caused by “ecstasy” in Australia be-
tween 1995 and 1997, but only 6 of them have been de-
scribed in the literature (the same 6 described in 3 differ-
ent papers). In Ontario, there have been 13
“ecstasy”-related deaths reported to the office of the Chief
Coroner in the past year (Dr. J. M. Cairns, Office of the
Chief Coroner, Toronto, Ont.: personal communication,
2001), but these have not yet been reported in the litera-
ture, though a manuscript by Cairns and Kish is in prepa-
ration. It is, therefore, not possible to estimate the true in-
cidence of serious or fatal toxicity due to MDMA and
MDEA on the basis of published cases.

Addiction

There is no evidence at present to suggest that MDMA
or MDEA are likely to give rise to a major problem of de-
pendence as defined in the Diagnostic and Statistical Manual
of Mental Disorders," or the International Statistical Classifi-
cation of Diseases."** Jansen'™ describes 3 cases that appear to
meet the diagnostic criteria for dependence, and Véléa and
colleagues™ state that such cases do occur but give no de-
tails on their frequency or prevalence.

It has been claimed that dependence is unlikely to be-
come a serious problem, because the decrease in pleasurable
or rewarding effects if the drug is used too frequently, and
the increase in frequency of unpleasant effects,"* would di-
minish the incentive to use the drug in a manner that could
give rise to dependence. The same phenomenon occurs
with the classical hallucinogens, which have not proven to
give rise to dependence to nearly the same extent as alcohol,
cannabis, benzodiazepines or opioids, for example. On the
other hand, amphetamine and methamphetamine are at



least as liable to produce dependence as cocaine.*™* It may be
that the methylenedioxy group on the phenyl ring in MDA,
MDMA and MDEA makes them more like mescaline than
like the parent amphetamines in this respect, but prudence
suggests that it would be best to reserve judgement on this
point. It was claimed that cocaine was not dependence pro-
ducing when it began to reappear in the early 1980s, and it
took years of growing experience to rediscover what had
been known about cocaine dependence some 50 years ear-
lier." The same claim was made for many years with re-
spect to cannabis, but there is now abundant evidence that
cannabis can, and does, give rise to dependence in a signifi-
cant percentage of users.

It is clear that the use of “ecstasy” has increased greatly
in recent years. Kirsch" cites, for example, estimates of the
number of doses produced by an illicit laboratory in the
United States as growing from 10 000 a month in 1976, to
30 000 a month in 1984 and 500 000 a month in 1985.
However, such figures cannot be regarded as accurate rep-
resentations of the change in the extent of use in the popu-
lation at large. The use of “ecstasy” is mainly confined to
the late-adolescent and young-adult age groups. Among
occasional users, novelty seeking appears to be an impor-
tant motivating force.” However, studies in the United
Kingdom"” and in Norway'® found that the best predictor
of drug use among young people was their preference for
rave-style music; MDMA use seemed to be more closely
linked to music preference and less to smoking and behav-
iour problems than was the case with amphetamine. Many
of the “ecstasy” users seen by addiction services or hospital
clinics are polydrug users,”' and this is also true of many
of the other cases cited in the present review.

Comparison with other drugs

From the foregoing review, one must conclude that the
whole group of amphetamines and related drugs strongly
resemble each other and cocaine, at least with respect to
their toxic effects.'” However, the question of the likeli-
hood of addiction, as discussed earlier, cannot yet be an-
swered and must await a longer accumulation of clinical ex-
perience.

On the other hand, there is a large difference between
“ecstasy” and heroin and other opioids. The opioids have a
clearly demonstrated dependence risk, but their intrinsic
physical toxicity is considerably less dangerous than that of
the amphetamine group."” Apart from respiratory death
due to overdose, most of the physical harm produced by
heroin is caused by unsterile injection technique, needle
swapping and intravenous use of preparations that are
meant only for oral administration. In contrast, many of
the serious effects of the amphetamines are directly due to
the action of the drug itself, as described earlier. Moreover,
the dose relationships are less clear for “ecstasy” than for
heroin, in that there is a smaller separation between the
usual dose and the toxic dose range for “ecstasy.” Some of

Pharmacology and toxicology of “ecstasy”

the case histories reviewed earlier involved major toxicity
following the consumption of only 1 or 2 tablets.

An attempt to calculate the relative death rates for “ec-
stasy” and for heroin in those aged 15-24 years in the
United Kingdom'" simply underscores the lack of accurate
data. The rates for deaths from accidents when driving, ec-
stasy, and heroin were as follows:

* driving accidents 1 per 10 000

* ecstasy between 0.2 and 5.3 per 10 000 (i.e., 27-fold
range)

* heroin between 9.1 and 81.5 per 10 000 (i.e., 9-fold
range).

These figures indicate that the death rate from heroin is
higher, but that the precision of the estimate is much lower
for ecstasy, which probably reflects a more heterogeneous
user population, with fewer ecstasy users being as risk seek-
ing as some of the heroin users.

Conclusions

This review of the literature indicates that ecstasy
(MDMA) and related drugs are potentially dangerous, even
in the doses typically used by participants at raves. Both the
acute and the chronic effects can lead to serious and even
fatal toxicity, the full extent of which cannot yet be esti-
mated with accuracy. The variety of different adverse ef-
tects, including psychiatric, neurological, cardiovascular,
hepatic, renal, thermoregulatory and even dental problems,
indicates that patients with ecstasy-related difficulties may
present in any part of the health care system and not only
to emergency services. Because the main users are adoles-
cents and young adults following the dictates of current
drug fashion, physicians may need to be especially alert to
such problems in an otherwise healthy population group.
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